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(54) ORGANIC RECTIFYING ELEMENT 

(57) Abetraot 

PURPOSE: To provide an organic rectifying 

function. 



element with 



CONSTITUTION: A gla» board 1 ie provided with a OOtd 
electrode 2 thereon through a eputterirtg method, etc. 
and a pot^S-meThytthtapberia layer ia peed up thareon 
through electrolytic oxidation polymerization. Then it 
ia atecsrochemicauy eppliod with a dedoping treatment 
to form a Wgh molecular conductive layer 3, a 
6-m»trtyi-1 rHp-rrcrinylbortfylha. 1 CK£foyo>T>phe*iezine film 
4 ia deposited on me layer 3 through a vacuum 
deposition method. and further aluminum 18 
vacuum-dapoaitad on me film 4 to form an electrode 5, 
and thereby an organic rectifying element in 
ftneDy. 
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l.This document has been translated by computer. So the Translation may not renew the onemal precisely. 
2:**»* shows the word which can not be translated. 
3. In the drawings, any words are noi translated. 




I 



[c£bn ( i?Thc organic rectifying device characterized by canying out the laminating of ^(electron irel^tag group) ^<£><«j- 
(anUkyl or nuolowsuUti tuuon arallcy l>5. the 10-duiydrophenazlnc film, a macromolecule conductor toB«dient layer, or the met. 

rcSm 2^'o^nXrecdtying device according to claim I which is the layer which a macromolecule conductor ingredient 
turns into from ailcast one macromolecule conductor ingredient chosen from the group which consists of an organic synthesis 
Ingredient, an organic pyrolysls system Ingredient, and a carbon sy stern Ingredient. . o ,. . . nma - 

rcteim 31 The organic reedfying device according to claim 1 which is the layer which a metal system ingredient layer turns in t 
at least one metal system Ingredient chosen from the group which consists of a metal, an alloy, a metallic oxide, metallic sulfide , 
an alloy oxide. 
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1 .This document has been translated by computer. So the Translation may not reflect the original precisely, 
2.**** chows the word which con not bo translated. 
3.1n the drawings, any words arc not translated. 




DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[I^diLmal Application] Generally the organic rectifying device of this invention is widely applicable about an organic rcctifyinfc 
devioe with new thia invention In the Industry to which electronics or optoelectronics relates as an electric rectifier, a transistor, « 
diode for rectification, a photodiode, a light emitting diode, or a switch. 

[Description of the Prior Art] The Scholiky barrier mold component which combined p-mold organic semiconductor and the snjdll 
metal thin film of a work function as an organic rectifying device is known, and aluminum / metal free phthalocyanJne / combufc lion of 
Au, and aluminum / Polly 3-mctfayhhiophene / combination of Au Is studied. Although this invention persons developed the or£ jmc 
Silayer mold optoelectric transducer and clarified the result as JP.SWWM^ and JP.3-912G9.A were already shown, they were 
v^pproaohed by the need for development of a still more effective organic rectifying device. 
[0003] 

[Problem(s) to be Solved by the Invention] Although mis invention persons present the rectification which is the fault of a Prior 
they look for the organic compound which reinforces rectification efficiently certainly paying attention to the point that It Is low 
effectiveness, they repeat examination about the structure, and. subsequently came to complete composition and its property, a^ji this 
Invention that research is developed and should »* carry out It at last this time also about application. 

[0004] 

[Moans for Solving the Problem] this invention persons - it was shown clearly that it has the organic rectification excellent m 



component which has the component to which the laminating of 5-(electron releasing group) permutation- l^(aralkyl or nucleaV j 
substitution eralkyl>5, the 10-dlhydrophenazine film (h b hereafter called the phenazine film for short), a macromolecule comli ctor 
ingredient layer, or the metal system ingredient layer Is carried out The macromolecule conductor i»fi^ dfe ^ t ^^?J? J?* 3' WyeT 
which consists of at least one macromolecule conductor Ingredient 
system ingredient, an organic pyrolysis system Ingredient, and a ca 

layer which consists of at least one motal system ingredient chosen .aw*. u .« — — - » 1- 

metallic sulfide, and an alloy oxide, ... ■% « I L i n 

[0005] The electron releasing group in 5-<clcctron releasing group) permutation- 1 0-(aralkyl or nuclear substmmon amlkyl>5 at p 10- 
dihydrophenazine (it is hereafter called phenazine for short) An alky I group, an aralkyl radical, the amino group, an alkylamlnb radical, 
a diaikylamino radical. They are the acylamlno radical, an alkyl acylamino radical, a pyrrol idinyl radical, a PEPIRJJIRU radica 
morphollno radical, etc. as a typical thing They are a methyl group, an ethyl group, a propyl group, an isopropyl group, n-buty Jan 
isobutyt radical, t-butyl, a cyclohexyl radical, a methylamlno radical an acctylamino radical, die aralkyl radical shown in the 

. 'Tallowing. , . . « . j »i 1 1_ i 

^[0006] With IfKaralkyi or nuclear substitution aralkyl) radical In phenazine, benzyl, a phcnylcthyl radical and p-alkyl benzyl 
example, p-rnethylbenzyl radical -) p-cthyl benzyl, p-alkoxy benzyl (for example, p-methoxy benzyl radical), p-amino benzyl ajpd p- 
(N-permutarion amino) benzyl (for example, p-mcthylamino benzyl -) p-acetylamino benzyl, p-cyano benzyl, p-nhrobcnryl 
fluoro benzyl, p-fluoro methylbenzyl radical, p-chloro benzyl, p-BUROMO benzyl, p-iodine benzyl, m-dialkyl benzyl (for c 
5-dimcthylbenzyl radical), m-dialkoxy benzyl (for example. 3 and 5-dimcthoxy benzyl -) m -diamine benzyl, m-JI (N-permi 
amino) benzyl, m-screw (trifluoromethyl) benzyl, m-dinitro benzyl, m-difluorobcnzyl radical and o-JIKURO benzyl (for 
and 3-dichloro benzyl -) There are 3. d-dichloro benzyl, m-dichloro benzyl (for example, 2, 4-dichloro benzyU 3, 5-dichk 
m-dibromo benzyl, m-diiodo benzyl, etc. In addition, the carbon atomic number of the alkyl group of the aralkvl radical cornt l ed at 
least with 10- of phenazine b M pieces, and, as for them, it is needless to say thai you may branch also with the straight ohai i - 
' [0007] As long as this phenazine Is the above-mentioned compound, it may be independent or two or more sorts of mixture b 2 pfficient 
as it. The spacer powder (plastics powder, silica powder, silicone rubber powder, etc) as the antl-oxidant of an amount, UV sto pilizcr- 
proof, and a thickness control material may be added a little for long-term stabilization when such phenazlnes are used as thcjfjlm, and 
little content of the coloring matter (a coloring agent, charge of fluorescence) may be oarried out as check material of membra^ bus 

* thickness. j P . 

. [0008] Among macromolecule conductor ingredients, as an organic synthesis system ingredient PoKypyrrole, a Polly 3-methyt pyrrole, 
Polly 3. 4-dimethyl pyrrole, The poly tbiophene, Polly 3-memylthlophene. Polly 3, 4-dimethylthiophene, Polly p-FENIN, j ' I 
polyaceihylene, a Polly p-phcnylcnc sulfide, Polly rn-phenylene, Polly p-phenylene oxide, polish anoa cetylenc, Polyphenyl & fV lene » 
a polyvinyl carbazole, the poly dlacerylene. Conductive rubber and the resin which there are the poly pyridine, Pori (N-mctby 1 pyrrole), 
• poly picoline, etc., and these can use doping either a non-doped object or an object, end contain these can also be used. I 
[0009] As an organic pyrolysis system Ingredient, conductive rubber and the resin which there are synthetic graphite, a conduc ave ^ , 
carbon fiber, pyrolysis potyimide, pyro lysis poryoxadlazote. pyrolysis polyolefine, a pyrolysis polyamide, a pyrolysis polyacttlonitrilc; 
a pyrolysis polyvinyl chloride, pyrolysis polyvinyl alcohol, a pyrolysis cpoxy resin, pyrolysb phenol resin, pyrolysis bridge 




polystyrene, pyrolysb polyisocyanurate. a pyroiysic polypeptide, etc.. and these can use doping cither a non-doped object or 
* and contain these can also be used among macromolecule conductor ingredients. 
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mo 1 01 As a carbon svstem ingredient, conductive rubber and the resin which there are graphite, gk" carbon, fUmace black, 
kSSweSi «S W?™ Sck. pWoteum pitch carbide, coal-tar pitch carbide, etc., andthes. can use doping either a non- 

obiect or an object, and contain thews can also be used among giant-molecule conductor ingredients. . , 

roul 1] asTmS^tcm ingredient - a metal (for example, gold. Silver, platinum, paUad-um, end nickel ^^^^ 
mawnislum. calcium, silicon, titanium, alloys (for example, a palladium alloy and an alummum alkpr such ^™"'" m *.L 
Sum alloy, a Magnesium alloy, a tin alloy, en indium alloy, a regulus metal, a metallic oxide (for example, an dummum oxrt 
ndhim oxide, and smcon oxide -) What made the lattice defect from oxidization titanium, the tin ©Xide. a anc ox.de, °xid«etooJ 
eoppE, -IS "y oxide, a zirconium dioxide, etc by the dopant, and gave conductivity .Conductive rubber and £ie resin , which j» 
a« mrtallic sulfide (foTaxample, thing which made the lattice defect from an iron sulfide, a cobalt sulfide, a nickel sulfide, copp 
sulfide, etc. and gave conductivity), an alloy oxide (the oxide of die above-mentioned alloy or mixture of the above-mentioned ; 
metallic oxide), etc., and contain these can also be used. , ' 

TOO 1 21 The phenazine film said to this invention is prepared between a macromolecule conductor ingredient layer and a macro; 
conductor Ingredient layer or in between a macromolecule conductor Ingredient layer and metal system ingredient layers or bo 
metal system ingredient layer and a metal system ingredient layer. Although one laminating of one of these combination is suffl 
that easiest Aing, In order to strengthen effectiveness further, h b desirable to make It the condition of for example, a giant-moh 
conductor ingredient layer, the phenazine film, a giant-molecule conductor ingredient layer, the phenazine fflm, a metal system | 



netal 



oding 



on the object, a laminating may be oarried out among substrates. Therefore, the thickness of this laminated material may change] f> 
arbitration with (he thickness of a substrate, the thickness of a macromolecule conductor ingredient layer, or the thickness of a m pal 
yetem ingredient layer. However, about the phenazine film, It is good to make it the thickness of 2Q0-3000A by the monolayerl i 
^-Therefore, although sum total thickness Will increase according to the count of multistory when multistory [ of the phenazine fljl )l Is 
carried out, it is desirable to take care so that thickness of each film may be made thin for the thiokness of each phenazine film *r thin 
the limits of 200-5000A and it may become about 200-2000A- In addition, thickness should warn to become homogeneity to the 
activity* 

[00 14] One approach of the degrees is adopted as an approach of making the phenazine film of this invention forming. ^ 
(1) the approach (3) of painting a vacuum deposition method or the sputtering method (2) solution (the cast method being inclup ri), 
and drying - the approach phenaxino film which lays what was film-teed beforehand (an inflatable flexible bag technique, the Mjsting- 
up method, the electrostatic sticking method) may paxtern.se in the form planned according to the object, and may carry out etching 
clearance and it is not only formed all over a laminating side, but may panernize a garbage selectively. I Jj 

[0015] A fundamental example of me structure of the organic rectifying device by tibia invention is explained. As shown in drafr rjgA , 
the organic rectifying device is constituted by a substrate 1 , the electrode 2 formed on the substrate 1 , the giant-molecule conduc tor 
layer 3 formed on the electrode 2, the phenaaine film *~ formed on the giant-molecule conductor layer 3, and the electrode 5 for i ed on 

the phenazine film 4. ... ; i 1 . 

[0016] As for the electrode 2 prepared on a substrate I, h is desirable in l a b o r atory to make It the transparent electrode which c > rcrca 
the whole surface of a substrate 1 substantially. A transparent electrode can be formed on the substrates I . such as a glass plate] l 
transparence plastics sheet, or a film, by vapoT-depositing gold, silver, aluminum, an indium, indium tin oxide (ITO film), and jt b tin 
oxide (Nesa membrane). Moreover, an electrode 3 can be formed by vapor-depositing gold, silver, copper, aluminum, or nlcke}.|Jn 
addition, when using especially as a monolayer mold, the macromolecule conductor layer 3 can be 




to 

carry out the laminating of the macromolecule" conductor layer on it first And what is necessary is just to carry out vacuum dept jsitit 
of the counter electrodes, such as a golden electrode, on it further if needed. ! i 

[0018] In using the substrate which, on the other hand, has the transparent electrode formed by the SUPPATA Ling's method <a ^ lb 
example, a golden electrode, after carrying out the laminating of the macromolecule conductor layer by an electrolytic oxidalhk !^ 
polymerization method etc. on a golden electrode and carrying out undoping processing to an electrical machinery chemistry tk get, it 
Is convenient on it to carry out the laminating of the phenazine film with vacuum deposition etc Furthermore, what is neoessap is just 
to carry out vacuum deposition of the electrodes, such as aluminum, If needed. j j 

[0019] I 
[Function] in the organic rectifying device of this invention, effective rectification is performed, for example in the Interface bk jricr of 
a giant-molecule conductor layer and the phenazine film. Furthermore, since rectification was performed also in the tnter&ce 61 the 
phenazine film and a metal system Ingredient layer, the component which has the rectification excellent conventionally ferine* I pan a 
well-known organic rectifying device could be built. . . 1 

[0020] By electrical-potentiaMifTerence impression of hard flow, although transport of the charge which crosses impregnation frfta 
charge and both layers by electricai-potential^lTererice impression of the forward direction according to the elect ric po tential pakiient 
which the barrier of a shot key mold or a heterojuncrjon mold was formed, and was spontaneously formed in the interface of aj 
molecule conductor layer and the phenazine film arises in the organic rectifying device of this Invention, in order to oppose ad i 
potential gradient, a current does not flow but functions as diode. Moreover, by optical exposure, separation of a charge arises) i£ an 
interface and transport of a charge arises In accordance with an electric potential gradient Therefore, by covering a load and la 
connecting too hastily externally between the two electrodes of an organic rectifying device, a photocurrent is acquired and it Kncrions 
also as a photodlode. You can make H function also as light emitting diode using emitting light, in case the charge forth 
in by electricol-potentud-difTerence impression of me forward direction recorabines with the reverse charge in bulk. 
[0021] t . 

'[Example] About die organic rectifying device of this invention, although experimented in a large number, the example of 
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representation extracted from the inside of it explains the manufacture approach and ts en^e perttormancc fa^.u^ tfus mv 
of it not being what limits only to the following examples end is interpreted * natural, and its thing which do IKK deviate fiom * 
meaning end pneuma of mis invention and tor which It restricts, end an embodiment can be changed and carried out to arbUratioJi 

[0022] an example I - first, the golden electrode was vapor-deposited by the spatter on the glass substrate, and Polly 3- 
mcihylthiophcne (it is hereafter called PMeT For short) was produced by the ^f^^^^* 4 ^^ 
after carrying out undoping " ~~ ~' ' " " ' 1m ~ ** "* 

mexhylbejizyO-J andthe ir> 

method, the last — a It top — aluminum — vacuum deposition — carrying 

structure was manufactured. ^ 

[0023] It impressed changing dlrccr-curreni applied voltaic to this sandwiches eel continuously under dark, and die current-volC K e 
curve was investigated. Drawing 2 and drawing 3 are graphs which show the current change at the time of changing direct-ci" 
applied voltage continuously. Consequently, it was checked that the stable rectification from which the time of impressing a 
electrical potential difference to a golden electrode side serves as the forward direction occurs. The current value when the ci 
value when Impressing the electrical potential difference of +dV to a golden electrode Impresses tho«lcctrical potential differen 
+] 4.0mA and -4V was the rectification ratio 120000 in -0.1 l7microA (refer to drawing Z ). Moreover. In the applied voltage of 
il was the rectification ratio 1 8000 in the current value of +1 .05mA and -4>.058raicroA, respectively (refer to drawjrjg 3 ). 
[0024] Next, when light was irradiated at this component, the golden electrode side produced p^aOtoclectrornotivo fbrce in the dirtjetion 
used as forward. At this time, change of the rAotOCurrcm at the time of changing the wavelength of light to irradiate was measuMl. 
Drawing 4 is the graph of the action spectrum In which die relation of a light wave length-photocurrent is shown. From this graft j, 
when an optical exposure Is carried out from a golden electrode side, since [ of the absorption maximum of (-) and PMeT] a 
photocurrcnt value serves as the minimum by the way, the screen effect by PMeT is shown, and h turns out that an activity side 
*ie interface of a golden electrode and a PMeT layer but the back of a PMeT layer. Moreover, since a photocurrcnt value serves 
^maximum (O) and near the skirt of absorption of MM DP when an optical exposure is carried out from an aluminum electrode si< 
screen effect by MMDP is Shown, and it turns out that a main activity side is the back of a MMDP layer, Le., the interface of PI 4 
and MMDP. In addition, since the monolayer mold component which sandwiched only MMDP with a golden electrode and alu rfinum 
carries out rectification and a photrelccirlc-translation operation in a bilayer mold component and this direction, the interlace c i 
aluminum and MMDP is also known by functioning as an activity side. 

[0025] in example 2 example 1 instead of MMDP 5-methyl- 1 0-(j>meihoxyben^y l>5. I O-dihydrophcnozine 5-methyl-{horeafter jailed 
MMODP for ahorl>l(Kp-cyano benzyl)-5, lO^mydrophenazine The Same sandwiches eel was manufactured using (it being heh Salter 
called MCDP for short) or 5 -methyl- i 0-(m-dinitro benzyl)-5, and 1 0-dihydrophenaZine (It is hereafter called MDKDP for short[) When 
impressed changing direct-current applied voltage to these sandwiches eels continuously under dark, a current change similar to 
drawing 2 was shown, and it was checked that the same rectification occurs. A rectification ratio is the component Which used 
MMODP, and is 1200 (**4v) with 10000 (* Mv) and the component using MDNDP in the component using 12000 (**2v) and \ ICDP. 
and h turned out that it has the rectification which was excellent in all. 

[0026] In example 3 example 1, rectification remarkable also in **** which used other maoromolecule conductor ingredient toy p was 
accepted instead of the PMeT layer. The name and rectification ratio (++2V) of the layer ingredient were as follows. That is, the f are 
poly pyrrole (rectification ratio 16000), Polly 3, 4-dhmethyl pyrrole (rectification ratio 18000). Port p-phcnylcne (rectification n t jo 
13000). the poly thtopbene (rectification ratio 1200). pcryacethylene (rectification ratio 1000). polish anoa cctylcne (rectificatu 4 ratio 
2000). a polyvinyl carbazole (rectification ratio 1000), pyro lysis poiyimide (rectification ratio 8000), a pyroiysls polyacry ioniti i 1 
(rectification ratio 5000), and graph he (rectification ratio 6000). Moreover, when a metal system ingredient was used similarly J 
result of an indium (rectification ratio 12000), aluminum magnesium (rectification ratio 15000), a zinc chloride doping alumini 
oxide (rectification ratio aoOO), antimony-pentachJoride doping tin oxide (rectification ratio 14000), and conductive copper sul 
^Rectification ratio 10000) was obtained. j j 

[0027] i 
[Effect of the Invention] Since the organic rectifying device of this invention rectified efficiently using both interface barriers 6i for 
example, the interface barrier of a giant-molecule conductor ingredient layer and the phenazine film, the phenazinc film, and a metal 
system ingredient layer, it became possible [ making the component which gives the rectification ratio excellent conventional!: • 
than a well-known organic rectifying device ]. Moreover, since the electron and electron hole which photocharge separation v 
performed using this barrier, consequently were separated are mutually conveyed to an opposite direction, it functions also as 
optoelectric transducer. Fur ther m or e, while the charge poured in by electrical-potc nti al^fference impression moves in 
with the electric potential gradient of a barrier in the inside of bulk. It functions also as electroluminescence devices using 



with a reverse charge and emitting light. Therefore, it is sure that the predominance Of the application in the industrial world of |iis 
Invention is a greatest object. 



il 



bining 



[Translation done.] 



http^/www4.tpdl.j po. go.jp/cgi-birVtran_web_cgi_qje 



Received 3ep-Z2-04 ll:llaa 



r .09.04 

! a . 



Froo-+48 911 51134Z 



To-Carrel la Byrne Bain Page 006 



22. SEP. 2004 17:20 



PATENTANW. LOUIS POEHLAU LOHRENTZ 



NR. 3552 S. 7 sl 



I i 

V 



* NOTICES • 

Jtopan Patent OttLcm ±9 
damaooa oausod toy 



aponoible for any 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** fihows the word which can not be translated 
S.in the drawings, any words are not translated. 

* . 

TECHNICAL FIELD 

[industrial Application] Generally the organic rectifying device of this invention is widely applicable eboi« ^^^^^ 
device with new this invention in the industry to which electronics or optoelectronics relates as an electric rectifier, a transistor, t 
diode for rectification, a phoiodiodc. a light emitting diode, or a switch. 
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[Description of the Prior An] The Schonky barrier mold component which combined p-mold organic semiconductor and the sm i 
metal thin fllm of a work function as an organic rectifying device Is known, and aluminum / metal free phthalocyanioe / combin i on 
Au, and aluminum / PolJy 3-mcthy lihiophene / combination of Au is studied. Although this invention persona developed the org a f »c 
bilayer mold optoelectrlc transducer and clarified the result as }P,S9-2M%** and Jr\i-91269*A were already shown, they were 
approached by the need tor development of a still more effective organic rectifying device. | 
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[Effect of the Invention] Since Die organic rectifying device of this invention rectified efficiently using both interface barners o 
example, the interface barrier of a gianl-molecule conductor ingredient layer and die phenaxine film, the phenazine film, and a l 
system ingredient layer, it became possible [ making the component which give* the rectification ratio excellent conventionally 
than a well-known organic rectifying device ]. Moreover, since die electron and electron hole which photocharge separation wa 
performed using this barrier, consequently were separated are mutually conveyed to an opposite direction, it functions also asa 
optoelectric transducer, furthermore, while the charge poured in by elettric^-rxJtendaJ-diffcrcncc impression moves ui accords i 
with the electric potential gradient of a barrier in the inside of bulk, it functions also as electroluminescence devices using recoi l 
with a reverse charge and emitting light Therefore, H is sure that the predominance of the application in the Industrial world 
invention is a greatest object. 
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TECHNICAL PROBLEM 

i 

[ProblcmCs) to bo Solved by the Invention] Although this Invention persons present die rectification which is the fault of a Prior At; 
they look for the organic compound which reinforces rectlflcarJon efficiently certainly paying attention to die point that it Is IouJJj ■ 
effectiveness, they repeat examination about die structure, and, subsequently came to complete composition and He property, an d jtttis 
invention that research Is developed and should •* carry out it at last this time also about applit ! — 
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MEANS 

[Means for Solving the Problem] this invention persons - it was shown clearly that it has the organic f^«f° U ^j| 
K^t which has the component to which ttc lancinating of Solectron releasing group) p^umoii-lO-(araikyl or nuclear ! 
substitution ara&yiVS, the 10-dlhydrophenazine film (it is hereafter celled the phenazine film tor short), a macromolecule cond 
ingredient kyeTonSie metal system ingredient layer Is carried out. The maoromoleoule conductor mgredient layer said here is i 
which conabts of at least one macromotecule conductor ingredient chosen from the group which consists of an organic synthes s 
system ingredient, an organic pyrolysis system ingredient, and a carbon system ingredient, and a metal system ingredient layer ft 
layer which consists of at least one metal system ingredient chosen from the group which consists of a metal, an alloy, a metall 

metallic sulfide, and an alloy oxide. , . _ „ c 

moos] The electron releasing group in Selection releasing group) permutation- iOKaraftyl or nuclear substitution * 
dihydrophenazine (ft is hereafter called phenazinc for short) An alkyl group, an aralkyl radical, the amino *^;™ r ^™ c 
n dialkylamino radical, They are the acylamlno radical, an alkyl acyiamino radical, a pyrrolldmyl radical, a PEPOUJIRU radica I 
rnorpholino radical, etc. as a typical thing They are a methyl group, an ethyl group, a propyl group, an tsopropy 1 group, n-butyll 
isobutyl radical, t-buryl a cyclohexyl radical, a memylaraino radical on acctylamino radica), the aralkyl radical shown in tbe 

— mm • 

[OOOdl^ith lO^aralkyl or nuclear substitution aralkyl) radical in phenazme, benzyl a phcnylcthyl radical and p-alkyl benzy 
example, p-methylbensyl radical -) p-cthy 1 benzyl, p-alkoxy benzyl (for example, p-noethoxybenzyl radical), p-ommo benzy 
CN-perroutaiion amino) benzyl (tor example, p-methylamino benzyl -) p-acetylamino benzyl p-cyano benzyl p^rjobenzyl 
fluoro benzyl p-fluoro memylbenzyl radical, p-chloro benzyl, p-BUROMO benzyl, p~iodine benzyl m-dialkyl benzyl (for e 
5-dimethylbenzyl radical), m-dialkoxy benzyl (tor example. 3 and 5-dimcthoxy benzyl -) m-diamino benzyl m-Jl (N-pern 
amino) benzyl, m-screw (trifluoromethyl) benzyl m-dinitro benzyl mniifluorobcnzyl radical, and oJIKURO oen^l (tor 
and 3-dichloro benzyl -) There are 3, d-dichloro benzyl m-dichloro benzyl (for example, 2, 4-dichloro benzyl 3, 5-*chloro 
m-dibromo benzyl m-dhodo benzyl etc. In addition, the carbon atomic number of the alkyl group of the aratty! radical combi 
least with 10- of phenazinc is 1-4 pieces, and. as for mem, it is needless to say mat you may branch also with the straight chair 
[0007] as long as this phenazinc is the above-mentioned compound, it may be independent or two or more sorts of mixture is 
as it. The spacer powder (plastics powder, silica powder, silicone rubber powder, etc,) as the antioxidant of ar 

proof, and a thickness control material may be added a Ihtle for long-term stabilization when such phenaztoes _ — ~ j * 

little content of the coloring matter (a coloring agent, charge of fluorescence) may be carried out as check material of membra I |us 

tb'okncss L 
[0008l C Among macromolecule conductor ingredients, as an organic synthesis system ingredient Porypyrrole, a PoJJy 3-methyi j yrrole, 
Polly 3 4-dimcthyl pyrrole, The poly thiophene, Polly 3-methylmiophene, Polly 3. 4-dimemylthiophene, Polly p-FBNIN, 
poryacethylene. a Polly p-pheoyicne sulfide, Polly ra-phenylene, Polly p-phenylene oxide, polish anon cerylcnc, Po»y^enyla^ frl<»»» 
^ *a polyvinyl carbazole, the poly diacctylenc, Conductive rubber and the resin which there are the poly pyridine. Pen (N-mctby ferrrole), 
poly picoline, etc., and these can use doping cither a non-doped object or an object, and contain these can also be used. J 
[00091 As an organic pyrolysis system ingredient, conductive rubber and the resin which there are synthetic graphite, a condu Ave 
carbon fiber, pyrolysis polyimida, pyrolysis polyoxadiazole. pyrolysis polyolefine, a pyrolysis oolyamide, a pyrolysis polyacr f IbttKrfle, 
a pyrolysis polyvinyl chloride, pyrolysis polyvinyl alcohol a pyrolysis cpoxy resin, pyroiysb phenol resin, pyrorycis bridge ft rjjnaOra 
polystyrene, pyrolysis polybocyanurate, a pyrolysis polypeptide, etc., and these can use doping cither a non-doped «hiect or atttooiect, 
and contain these can abo be used among macromolecule conductor ingredients « 
[00 10) Asa carbon system ingredient, conductive rubber and me resin which mere are graphite, glass carbon, furnace black, 1^ 
KETCHIEN black, acetylene black, petroleum pitch carbide, coal-tar pitch carbide, etc., and these can use doping either a non-booed 
object or an object, and contain these can also be used among giant-molecule conductor ingredients. 
[001 11 as a metal system ingredient - a metal (tor example, gold, silver, platinum, palladium, and nickel -) Aluminum, an 
magnesium, calcium, silicon, titanium, alloys (tor example, a palladium alloy and an aluminum alloy -X «ich as a zirconium 
titanium alloy, a Magnesium alloy, a tin alloy, an indium alloy, a regulus metal, a metallic oxide (for example, an aJuromum « 
indium oxide, and silicon oxide -) What made the lattice detect from oxidization titanium, the tin oxide, a zme oxide, oxir 




dopant, anfi nve cftfufucrtvtTv. Conductive rubber and the ream whu 



there 



are maaiuc suiuue uur ruhlf^ uuns w„.«. «-m- — from an Iron sulfide, a cobalt sulfide, a nickel sulfide, 

sulfide, etc^ and gave conductivity), an alloy oxide (the oxide of die abova-mentioned alloy or mixture of the abovc-mentti 
metallic oxide), etc. and contain these can also be used. 

[0012] The phenazine film said to this invention is prepared between a maoromoleoule conductor ingredjrm layer and a mi 
conduotor ingredient layer or in between a macromolecule conductor ingredient layer and metal system ingredient layers or 
metal system ingredient layer and a metal system Ingredient layer. Although one laminating of one of these combination is « 
mat easiest thing, in order to strengthen effectiveness further, It Is desirable to make it the condition of for example, a giant* 
conductor ingredient layer, the phenazine film, a gianUnolecuie conductor Ingredient layer, the phcnu r m c film, emeiaJsysi 
ingredient layer, etc. at a double layer or multilayer structure. In this case, the macromolecule conductor Ingredient layer aadj 
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xKoijShou JSn tool thickness will mcrcaso according to the count of multistory wben multistory [ of the phcnazmcfiti£>s 
S ffdSinble to toko care so thai tiuckness of each fummny bo made thin forth, thiclaiess of jhtn 
mellmite of 200-SOQOA and it may become about 2WWOOOA- In addition, thickness should warn to become homogeneity to the; [ 

iS^lOnc approach of the degrees is adopted as an approach of making the phcoaanc film of thia favention forming-, 
rn die approach (3) of punting a vacuum deposition method or the spunerlng method (?) solution (die east method being 
and^n^^ film wnich lays what was fltovizad beforehand (an mflatablo flexible bag technique the 

up method the electrostatic^ddng method) may patternize in the form planned at^cordlng to the object, and may cany out 
clearance and it Is not only fonned all over a laminating side, but may patternize a garbage selectively. 
r00151 A fundamental example of the structure of the organic rectifying device by this invention is explained. As shown In 
die orianic rectifying device Is constituted by a substrate 1, the electrode 2 formed on the substrate I, the giant-molecule CI 



con 



conductor layer 3, and the electrode 5 




layer 3 formed on the electrode 2, the phenazlne film 4 formed on the 

W lflXTfor mc^lcctrode 2 prepared on a substrate 1, it Is desirable in laboratory to make it the trangparent electrode which cojjerpd 
the whole surface of a substrate I substantially. A transparent electrode can be formed on die substrates 1, such iasa glass plate i 1 . 
transparence plastics sheet, or a film, by vapor-deposhiiig gold, silver, aluminum, an mdlum. indium tin oxide (TTO film), width* to 
*!de (Nesa membrane). Moreover, an electrode 5 can be formed by vapor-depositing gold, silver, copper, aluminum, or nickel! n: 
'^addition, when using especially as a monolayer mold, the macromolecule conductor layer 3 can be omitted. I . 

[0017] Although it changes with classes of electrode 2 formed on a substrate 1, when using aluminum as one electrode, as for t u j 
fabrication sequence of an organic rectifying device, it is desirable to make the phenazlne film of this invention on an alum in ui . . 
electrode by eroproaches, such as a vacuum deposition method, die applying memod, the cast memod, and a spin coat method, « r (t to 
carry out the ULminating of the macromolecule conductor layer on It first. And What is necessary is just to cany out vacuum depje aition 

Of the counter electrodes, such as a golden electrode, on it further if needed. „ _ . , 

[00 1 8] In using the substrate which, on the other hand, has the transparent electrode formed by the SUPPATA Ling s method c£ j, tor 
example, a golden electrode, after carrying out the laminating of the macromolecule conductor layer by an electrolytic oxldatio i [ 
polymerization method etc. on a golden electrode and carrying out un doping processing to an electrical machinery chemistry ts r Jet, it 
is convenient on it to carry out the laminating of the phenazlne film with vacuum deposition etc. Furthermore, what is necessary - 
to carry out vacuum deposition of the electrodes, such as aluminum, if needed. 
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i 



[Function] In (he organic rectifying device of this invention, ettective reconcanon is perrorraeu, tor muuvw i» u»* bajjr fcr 

a giant-molecule conductor layer and the phenarinc film. Furthermore, since rectification was ijerfbrmed also in the toerfoce of c e 
pbenazine film and a metal system Ingredient layer, the component which has tha rectification excellent conventionally farther t L in -a 
well-known organic rectifying device could be built. , ^ ^ . . , M 44 \> 

[0020] By clectrical-potential^ifterence impression of hard flow, although transport of the charge which crosses impreg^onbl 
charge and both layers by electrical-rxytamlai^inerence Impression of the forward anection ocoording to the ©l^Oie potential wmwrn 
which the barrier of a shot key mold or a heterojunction mold was formed, and was spontaneously fern 

molecule conductor layer and the phenelzine film arises in the organic rectifying device of this Invention, in order to oppose an « 
potential gradient, a current does not flow but functions as diode. Moreover, by optical exposure, separation of a charge arises h 
interface and transport of a charge arises b accordance with an electric rxrtexjtul gradient Tnerefbre, by covering a load and 
connecting too hastily externally between the two electrodes of an organic rectifying device, a photocunent U acquired and It 
also as a photodiode. You can make it function also as light emitting diode using emitting light, in case the charge furthermore 
in by electrical-|)c4ential-aifTcrence impression of the forward direction rccombinca with the reverse charge in bulk. 
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I : 



[Example] About the organic rectifying device of this invention, although experimented in a large number, the example of 
representation extracted from the inside of it explains the manufacture approach and its engine performance. In addition, this 
of it not being what limits only to the following examples and is interpreted is natural, and Its thing which do not deviate fror 
meaning and pneuma of this invention and for which it restricts, and an embodiment can be changed and carried out to ait) 

natural. 

[0022] an example I — first, the golden electrode was vapor-deposited by the spatter on the glass substrate, and Polly 3- 
methylthiophene (it Is hereafter called PMeT for short) was produced by the electrolytic oxidation polymerization on 



xton 




after carrying out undoping processing of this PMeT film at an electrical machinery chemistry target, the laminating of 5-metmI-;10-(p» 
memylbeiuyl>5 and the 1 0-dihydrophenazine film (it calls for short Following MMDP) was carried out with the vacuum depje 
method, the last — a it top — aluminum — vacuum deposition — carrying out — Au/PMcT/MMDP/aluminum — the sandwiches 
structure was manufactured. 

[0023] it impressed changing direct-current applied voltage to this sandwiches eel continuously under dark, and die current- vbj 
curve was investigated. Drawin g 2 and d rawj ng 3 are graphs which show the current change at the time of rhnngjng dircct-cuf] 
applied voltage continuously. Consequently, it was checked that the stable rectification from which the time of impressing a 
electrical potential difference to a golden electrode side serves as the forward direction occurs. The current value when the cu^i 
value when impressing the electrical potential difference of +4V to a golden electrode impresses the electrical potential dii 
-(-14.0mA and -4V was the rectification ratio 120000 in -0.1 17microA Qreffer to drawing 2 ). Moreover, in the applied voltage m 
it was the rectification ratio lgdOO in the current value of +1 .05mA and -0.058microA, respectively (refer to drawynjg 3 ). 
[0024] Next, when light was irradiated at mis component, the golden electrode side produced photoelectromotrvo force in thej 
used as forward. At this time, change of the photocurrent at the rime of changing the wavelength of light to irradiate was meap 
Drawing _4 is die graph of the action spectrum in whioh the relation of a light wave lengu-pnotocurrent is shown. From this _ 
when an optical exposure is carried out from a golden electrode side, since [ of the absorption maximum of (-) and PMeT ] a 
photocurrent value serves as the minimum by the way, the screen e ffect by PMeT is shown, and it turns out that an activity cM is not 
the interface of a golden electrode and a PMeT layer but the back of a PMeT layer. Moreover, since a photocurrent value sen < f as the 
maximum (O) and near the skin of absorption of MMDP when an optical exposure is carried out from an aluminum electrode fide, the 
screen effect by MMDP is shown, and it turns out that a main activity side Is the back of a MMDP layer, Le. t the interface of F |4cT 
and MMDP. In addition, since the monolayer mold component which sandwiched only MMDP With a golden electrode and 1 1 toinuni 
carries out rectification and a photo-electric-translation operation in a bilayer mold component and this direction, the interfac * of 
aluminum and MMDP is also known by functioning as an activity side. ! ' 

[0023] in example 2 example 1 instead of MMDP S-mcmyl-10-(p-methoxybeTizyl)-5 f 1 0-dihydrophenazine 5-methyl-(hereaf^ jr called 
MMODP for short) 1 0-(p-cyano benzy D-3, 1 0-dihydropherjazine The same sandwiches eel was manufactured Mnfng (ft bains hereafter 
called MCDP for short) or 5^n£thyI-10-(m-dinhTO benzyl>5, and 1 0-dihydropheruudno (it is hereafter called MDNDP for ehii t): When 



impressed changing direct-current applied voltage to these sandwiches eels continuously under dark, a current change similes' 
pVawing 2 was shown, and it was checked that the same rectification occurs. A rectification ratio is the component which use) 
MMODP, and is 1200 (**4v) with 10000 (**4v) and the component using MDNDP in the component using 12000 (**2v) 
and it turned out that tt has the rectification which was excellent in alL 

[0026] In example 3 example 1. rectification remarkable also in **** which used other macromolecule conductor ingredient | 
accepted instead of the PMeT layer. The name and rectification ratio (**2V) of the layer ingredient were as follows. That is, 
polypyrrole (rectification ratio 16000), Polly X 4-dimethyl pyrrole (rectrfrcation ratio 18000), Pori p-phenylene (rectify 
15000), the poly thiophene (rectification ratio 1200), poryacetiiylene (rectification ratio 1000), polish anon cctylcnc (rcctil 
2000), a poly vinyl carbazole (rectification ratio 1 000), pyrolysU polyimide (rectification ratio S0O0X a pyrorysb polyacrylt 
(rectification ratio 5000), end graph he (rectification ratio 6000). Moreover, when a metal system Ingredient was used slml 
result of an indium (rectification ratio 12000), aluminum magnesium (rectification ratio 15000), a zinc chloride doping alum) 
oxide (rectification ratio 4000)> antrniony-pcntechloride doping tin oxide (rectification ratio 14000), and conductive copper s iljfide 
(rectification ratio 10000) was obtained. ' ~ ! 




i 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

iQrawyig t] It is the sectional view showing one example of die organic rectifying device of this invention. 
• [Drawing 2] It is the graph which shows the current-voltage characteristic of the organic rectifying device of this invention. 
[Drawing 31 It is the graph which shows the current-voltage characteristic of the organic rectifying device of this invention. 
{Drawing 41 It is the graph which shows the absorption spectrum of the photocurrent action spectrum of the organio rectifying 
of this invention, PMeT, and MMDP. 
(Description of Notations] 

1 Substrate 

2 Electrode 

3 Macromolccule Conductor Layer 

4 Phcnazinc Film 

5 Electrode 
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